Introduction
Primary mucinous carcinoma of the thyroid gland is extremely rare, and only eight cases have been reported in English-language literature, to our knowledge. [1] [2] [3] [4] [5] [6] [7] [8] [9] It was first described by Diaz-Perez et al 2 in 1976 . The histologic hallmark of this kind of tumor is small nests, trabeculae, or sheets of epithelial cells, which appear suspended in pools of abundant extracellular mucus. 1 Histologically, it resembles the mucinous carcinoma of other sites, such as the breast, colon, stomach, and pancreas. 1 Once the malignancy is confirmed, it is important to distinguish between primary and metastatic, as the subsequent treatment is different. In addition, mucinous appearance sometimes may be found in typical thyroid carcinoma or adenoma. 10 Therefore, mucinous appearance, in itself, is insufficient to be diagnosed as malignancy. In this case, cervical lymph node metastasis is an important clue for rendering a definite diagnosis of malignancy in frozen sections. It was further demonstrated by observing the extrathyroidal infiltration by tumor cells in formalin-embedded sections. Primary mucinous carcinoma of the thyroid gland with prominent rhabdoid feature was reported recently. We also observed a similar feature in this case, but we would rather like to use signet-ring-cell differentiation to explain this phenomenon, because the immunohistochemical profile (Desmin-, MyoD1-), intra-and extracellular mucus confirmed by periodic acid-Schiff diastase (D-PAS) and alcian blue and periodic acid-Schiff (AB-PAS) staining both supported signet-ring-cell differentiation instead of rhabdoid differentiation. Immunohistochemical studies revealed that thyroid transcription factor-1 (TTF-1), PAX8, and thyroglobulin were positive, which indicated the thyroid origin of this tumor.
Case presentation Clinical history
A 74-year-old Chinese woman was admitted to our hospital, with a mass in the right lobe of thyroid gland for 7 days, which had been found during physical examination. She experienced an esophageal surgery for leiomyoma 20 years ago. Ultrasound showed an oval hypoechoic region beside the right lobe of thyroid with relative clear boundary. The internal echo pattern distribution in the lesion was uneven, containing areas of extremely low-level echoes. Computed tomography (CT; 27 HU; Figure 1A -C) showed an oval mass (3.2×1.4 cm) with low-attenuation in the right lobe of thyroid and a round nodule with discontinuous peripheral annular calcification. Enlarged right neck lymph nodes were accompanied with airway deviation caused by tumor compression. Thyroid imaging suggested a thyroid malignant tumor, suspected to be lymph node metastasis and invasion of sternocleidomastoid muscle. Additional systematic laboratory tests indicated thyroid disfunction (thyroid-stimulating hormone [TSH] was elevated at 7.532 IU/mL [normal range =0.55-4.78 IU/mL]), while T3, thyroxine, F-T3, and free thyroxine were normal level (T3 0.990 ng/mL, thyroxine 5.60 μg/dL, F-T3 2.99 pg/mL, free thyroxine 1.00 ng/dL); antithyroglobulin and antithyroperoxidase antibody were both elevated (antithyroglobulin .500 U/mL, antithyroperoxidase antibody .1,300 U/mL), and the remaining parameters were normal calcium levels (8.7 mg/dL), carcinoembryonic antigen (CEA) levels (1.87 ng/mL), carbohydrate antigen 125 (CA125) levels (2.6 U/mL), carbohydrate antigen 15-3 (CA15-3) levels (6.1 U/mL), carbohydrate antigen 19-9 (CA199) levels (12.4 U/mL), AFP levels (2.60 ng/mL), serum ferritin (SF) levels (25.7 ng/mL), and calcitonin levels (23 pg/mL). None of the findings indicated medullary carcinoma or metastatic carcinoma. The patient underwent thyroidectomy, and rapid intraoperative pathological diagnosis suggested a poorly differentiated thyroid carcinoma with mucin-producing and cervical lymph node metastasis. During the operation, the surgeon also found some tan-white spots on the surface of the left lobe. Therefore, the operation was revised to hemithyroidectomy plus excision of cervical regional lymph nodes. The right lobe was 11×6×2.5 cm in size, the cut section showed a colloid nodule (5.6×4×2.5 cm) and a nodule (3 cm in diameter) with inconsecutive annular calcification. The colloid nodule demarcated from the surrounding tissue with obscure boundaries. Focal calcification was found in the surrounding thyroid tissue. The left lobe and the enlarged cervical lymph nodes were 3.5×1.8×1 cm and 2.3×1.5×0.8 cm, respectively, in size with a flesh-colored cut surface. Considering the rarity of the primary mucinous carcinoma of the thyroid gland, additional positron emission tomography (PET)/CT scanning was performed after surgical operation and found no signs suspicious for tumor outside the thyroid or tumor recurrence. The patient underwent radiotherapy after surgery and is alive with no sign of tumor recurrence or metastasis after 9 months of follow-up.
Patients and methods
Bilateral thyroid mass and the cervical regional lymph nodes were completely sampled following the routine guidelines of 
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primary mucinous carcinoma of thyroid gland sampling 1 block/cm of tumor. All specimens were fixed in 10% formalin and embedded in paraffin. A series of 4-μm-thick sections was cut from each paraffin-embedded block. Commercially available prediluted monoclonal antibodies directed against epithelial membrane antigen (EMA), pan-cytokeratin (AE1/AE3), CK19, TTF-1, PAX8, thyroglobulin, calcitonin, CEA, CDX2, ER, GATA-3, vimentin, Desmin, MyoD1, myogenin, CD34, CD38, CD68, and Ki-67 were purchased from Mai Xin Inc. (Fuzhou, China). IHC staining was performed using the streptavidin-peroxidase system (ultrasensitive; Mai Xin Inc.) according to the manufacturer's instructions. The primary antibody was replaced with phosphate-buffered saline as for negative controls.
Microscopic features
Two different types of tumor were found in the mass occupying the right lobe of thyroid gland: one is a typical follicular adenoma, and no definite vascular invasion was seen in the capsule; the other one is a mucinous carcinoma. In most areas, the tumor cells were arranged in small nests or trabeculae, which appeared suspended in pools of abundant extracellular mucus (Figure 2A ). These tumor cells not only invaded into normal tissues, destructing normal thyroid structures ( Figure 2B and C), but also extended into extrathyroidal fat tissue. In the peripheral regions, the tumor cells were aggregated and characterized by acidic muco-substances that diffusely fill the cytoplasm and dislodge the nucleus to one pole of the cell ( Figure 2D and E). These signs were consistent with the second cytological type of carcinomas with signet-ring-cell differentiation, which were usually observed in gastric and breast carcinomas. In the remaining thyroid tissues, we can observe the background of Hashimoto's thyroiditis. Squamous differentiation was not seen. The mitotic activity was about two mitoses per high power field. Necrotic foci as well as areas with inflammatory infiltration were present. The cervical lymph node metastases and the left lobe exhibited similar histological features.
Immunohistochemistry
The tumor cells were diffusely positive for TTF-1 ( Figure 3A and B), PAX8 ( Figure 3C and D), and vimentin ( Figure 3E ), and focal positive for AE1/AE3 and thyroglobulin, but negative for EMA, CDX2, ER, GATA-3, CEA, calcitonin, CD68, CD38, CK19, Desmin ( Figure 3F ), MyoD1 ( Figure 3G) , and myogenin. CD34 outlined vascular structures with no definite vascular invasion. The Ki-67 labeling index was ~10%. The abundant extracellular mucoid matrix and intracellular mucus in the signet-ring-cell were stained positively for D-PAS and AB-PAS ( Figure 3H ).
Discussion
Primary mucinous carcinoma of the thyroid gland was first described by Diaz-Perez et al 2 in 1976; it was extremely rare, and English literature review on PubMed (www.ncbi.nlm.nih. gov) revealed only eight cases reported to our knowledge. [1] [2] [3] [4] [5] [6] [7] [8] [9] Because of the rarity of this thyroid carcinoma, we discuss this case in the context of a literature review of previously reported cases (summarized in Table 1 ). The patients were aged 32-82 years, and there was no sex predominance. This tumor favors to accompany with lymph node metastasis (8/9 cases). Grossly, this tumor presents as well-or poorly circumscribed gelatinous nodule. Taken together with this case, two cases have been reported to accompany with thyroid adenoma. This tumor is characterized by abundant mucoid lakes around trabeculae or clusters of tumor cells that usually show large nuclei and prominent nucleoli. In the present case, the nuclei with irregular contours were also observed, which has been reported by Sobrinho-Simoes et al. 3 Recently, Matsuo et al 7 found a rare histological feature of this tumor and used "rhabdoid" to describe it. We also observed the similar feature in our case, but we prefer to use signet-ring-cell differentiation to describe. These tumor cells were positive for TTF-1, PAX8, and thyroglobulin instead of Desmin, myogenin, or MyoD1. It is worth mentioning that the similar features were not uncommon in mucinous carcinoma of other organs, such as stomach, ovary, and breast, and usually be described as carcinomas with signet-ring-cell differentiation.
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In addition, we need to be aware the production of mucin in itself is insufficient to lead to a diagnosis a thyroid carcinoma. A couple of thyroid tumors may produce mucin such as adenomas, papillary carcinoma, anaplastic, and medullary carcinoma. 1, 5, 8, 11, 14 Moreover, primary thyroid carcinomas with signet-ring-cell differentiation were usually observed in follicular adenomas. [15] [16] [17] Therefore, it is still a challenge to make a diagnosis of malignancy with mucin-producing tumor in rapid intraoperative frozen sections. In such situations, trying to find evidence of lymph node metastases, capsular penetration, or vascular invasion will be helpful to enhance the confidence to make a diagnosis of malignancy, just like the cervical lymph node metastasis in this case. It is worth mentioning that primary mucinous carcinoma seemed always circumscribed by inflammatory exudate and fibrous connective tissue and formed "pushing" invasion in previous reports, 2, 3, 6, 7 while in this case, the tumor cells formed diffuse infiltration among the normal thyroid follicles and destructed the normal thyroid structures. This phenomenon was seldom observed in the previous cases, but it is more likely to reflect the invasive biological behavior of the tumor. Whether these biological features indicated a relatively unfavorable prognosis remains to be determined in the long-term follow-up of our patient.
When we faced a primary thyroid tumor with abundant extracellular mucus, a metastasis from a mucinous carcinoma should always be the first consideration. It is hard to distinguish between them in histological images, and the mucin staining and transmission electron microscopy make no sense to distinguish between primary and secondary mucinous Figure 2 Histological features of the current case. (A) The tumor characterized by abundant extracellular mucus, and the tumor cells were arranged in small nests or trabeculae (frozen section, magnification ×100). In the remnant thyroid tissues, we can observe the background of Hashimoto's thyroiditis. (B and C) In most areas, the tumor cells were arranged in small nests or trabeculae, which appeared suspended in pools of abundant extracellular mucus (paraffin section, (B) magnification ×100; (C) magnification ×200). (D and E) These tumor cells not only invaded into normal tissues, destructing normal thyroid structures, but also extended into extrathyroidal fat tissue. In the peripheral regions, the tumor cells aggregated and were characterized by acidic muco-substances that diffusely filled the cytoplasm and dislodged the nucleus to one pole of the cell (paraffin section, (D) magnification ×100; (E) magnification ×200).
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primary mucinous carcinoma of thyroid gland adenocarcinoma. 3 Although thyroid metastasis often come from clinically occult bronchial or renal carcinomas, the role of clinical screening in searching for a primary extrathyroidal tumor is limited. 3 Using a panel of immunohistochemical makers seems the only way worth trusting to solve this thorny issue. Mucin-producing tumor cells simultaneously expressing thyroglobulin, TTF-1, or PAX8 are reliable for the diagnosis of primary mucinous carcinoma, because these signs indicate that tumor cells possess the ability to differentiate into thyroid tissue. It is still not clear about the histogenesis of primary mucinous carcinoma of thyroid gland, some scholars posed a hypothesis that these mucin-producing cells came from thyroglossal duct remnant or ectopic salivary gland, while some people thought an ultimobranchial body remnant is more likely, specifically, via mucin-containing follicles. 1 Neither hypothesis has been definitely proved and they still need to be further explored.
Once the primary tumor of the thyroid gland with the ability to produce mucin has been confirmed, a series of tumors should be included in the differential diagnosis, such as papillary carcinomas, follicular carcinomas, and medullary carcinomas. In this case, the absence of the nuclear characters of papillary carcinoma and capsule invasion or capsular vascular invasion excluded papillary carcinoma and follicular carcinoma. The tumor cells were negative for CEA and calcitonin, which, together with the normal levels of calcium, ruled out medullary carcinoma. Considering the tumor cells were diffusely positive for vimentin, mesenchymal sarcoma and anaplastic thyroid carcinoma should also be distinguished in this case. However, both mesenchymal sarcoma and anaplastic thyroid carcinoma seldom show an extracellular mucoid matrix; even if they do, the mucoid matrix only represents mucinous degeneration, but not the production by the epithelium, and common thyroid-lineage markers such as TTF-1 and thyroglobulin are usually absent in these tumors. Meanwhile the positive ratio of cells for PAX8 staining was not high. 1 Therefore, mesenchymal sarcoma and anaplastic thyroid carcinoma could both be excluded.
Solid mucoepidermoid carcinoma should also be considered, as it can also produce mucin and concurrently express TTF-1 and thyroglobulin. 18, 19 However, we did not find the epidermoid cell, clear cell, or intermediate cell after observing the whole sections. Therefore, we finally make a diagnosis of mucinous carcinoma instead of mucoepidermoid carcinoma.
According to the limited experience in treatment, we considered it necessary to discuss the clinical treatment and prognosis of primary mucinous carcinoma. Most of the cases indicate that primary mucinous carcinoma has a worse prognosis than common thyroid carcinoma. Of the eight patients with follow-up, six died of metastatic disease at 6 months to 4 years after diagnosis. Of the nine cases, including the current case, six underwent total thyroidectomy plus OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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primary mucinous carcinoma of thyroid gland excision of cervical regional lymph nodes, one underwent hemithyroidectomy plus excision of cervical regional lymph nodes, and one underwent hemithyroidectomy. Although radiotherapy, chemotherapy, 5-fluorouracil treatment, and TSH suppression therapy were applied for treatment, the patient did not benefit from the treatment. Therefore, complete resection may be a suitable option for this tumor. 7 In addition, some scholars pointed out that TSH suppression therapy may be a suitable option for postoperative adjuvant therapy and helpful for long-term survival. 7 In general, the prognosis is not favorable, and about 50% of the patients died of the disease or experienced tumor recurrence. Complete surgical resection is a key factor which contributes to the long-term survival.
Conclusion
Here, we reported a rare case of primary mucous carcinoma of the thyroid gland with signet-ring-cell differentiation and formed diffuse infiltration among the thyroid follicles instead of "pushing" invasion. This type of signet-ring-cell with acidic muco-substance has never been reported, to our knowledge. Moreover, a panel of immunohistochemical markers were applied to confirm this cytological feature is representative for signet-ring-cell differentiation instead of rhabdoid differentiation. We reported this case to remind pathologists of this uncommon histological and cytological type of mucinous carcinoma.
